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The purpose of this research was to study the
behavior of cold-formed steel cantilever truss
structures. A cantilever truss structure and bolt-
moment connection were tested and verified by the
3D-finite element model. The verification results
showed a good correlation between an
experimental test and finite element analysis. An
analytical method for elastic rotational stiffness of
bolt-moment connection was proposed. The
equation proposed in the analytical method was
used to approximate the elastic rotational stiffness
of the bolt group connection, and was also applied
to the Richard-Abbott model for generating the
nonlinear moment-rotation curve which modeled
the semi-rigid connection stiffness. The 2D-finite
element analysis was applied to study the behavior
of the truss connection, caused by semi-rigid
connection stiffness which caused a change of
force to the truss elements. The results showed that
the force in the structural members increased by
between 13.62%-74.32% of the axial forces, and
the bending moment decreased by between
33.05%-100%. These results strongly suggest that
the semi-rigid connection between cold-formed
steel cantilever truss structures should be
considered in structural analysis to achieve
optimum design, acknowledging this as the real
behavior of the structure.

1 Introduction

Cold-formed steel has seen increased usage as the
primary members for residential and multi-story
commercial buildings. Durability, strength, material
consistency, and ecological concerns have
encouraged engineers to use these structures [1-8].
Guidance for cold-formed steel structures design can
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be found in several design recommendations [9- 11].
The codes of practice on connections between cold-
formed steel sections are presented by the load
capacity of the individual fastener. However, we
suggest that considering load capacity only as the
reference guidance is just a superficial suggestion.
Practically, cold-formed steel truss connections are
idealized as being either pinned or rigid, but
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structural analysis based on the pinned or rigid
assumption does not represent the real behavior of
truss connections. Dubina [12-13] and Yu et al. [14]
were the earliest researchers on cold-formed steel
truss connections and expressed concerns about the
rigid and semi-rigid strength assumptions on
connection behavior. They found that the rigid
assumption was not appropriate to the strength and
deformation behavior of real cold-formed steel
connections. Subsequent research showed that
localized in-plane elongation of the bolt-holes, due to
bearing against the bolt [15-16], tilting and slippage
by the hole-clearance [17] found in the bolt-moment
connection, are the major cause of inconsistency
between the rigid strength assumption and the
behavior of real structures. The definition of a semi-
rigid connection was classified as a simple
connection and too flexible to qualify as rigid, but
was not pinned [18].

The failure mode of cold-formed steel bolt-moment
connections has been investigated by the
experimental testing which was conducted on the
connection  between beam-column  sub-frames
structures in which the bearing failure mode occurred
in the section web around the bolt hole [19]. As well,
previous studies addressed the flexibility behavior of
the cold-formed steel moment connection, based on
the single lap shear bolt connection, by physical
testing and by theoretical analysis, as applied to the
rotational stiffness questions [20-21]. Some of the
equations defined by these researchers, relevant to
the practical design method, were applied in practical
research in a parametric study of cold-formed steel
connections with different bolt diameters [22]. In all
the previous studies, the research focused on the
rotational stiffness of the single lap shear bolt
connection. However, this may be workable in truss
structures, but it is not shown in real structure
behavior. To analyze and design a structure,
structural engineers need to include the true behavior
of connection through moment-rotation curves in
analysis packages. The magnitude of the maximum

Table 1. Material properties of cold-formed steel, G550-1T

axial load and the bending moment may be changed
causing a reduction in the members' size. Getting
the true moment-rotation curves, we need
mathematical techniques to represent the relationship
between a moment and curvature.

Given this problem, the present study
investigated the effect of the rotational stiffness of
semi-rigid connections on cantilever trusses. The
research method applied was investigation by the
experimental test, finite element analysis (FEA) and
an analytical method applying equations that were
developed in the research process. A full-scale
cantilever truss was constructed to examine the
ultimate load capacity and failure mode of the truss
structure. The moment capacity and rotational angle
of the bolt-moment specimens were also measured.
All test results were verified by the 3D-finite element
analysis. An analytical method for predicting the
elastic rotational stiffness of a moment was proposed
applying the Richard and Abbott mathematical
model [23], and a 2D-finite element model was used
to examine the internal forces of the truss elements.

2 Experimental investigation

The experimental tests were divided into two parts; a
full-scale cantilever truss test and a bolt-moment
connection test. All the specimens were prepared
from G550-cold-formed lipped channel sections (C-
102 x 51 x 12.5 x 1.0 mm). The truss connections
were assembled by grade 8.8 steel bolt with 5 mm
diameter. The properties of the cold-formed steel
material (Table 1) and steel bolts (Table 2) were in
accordance with ASTM Standards [24-25].

The truss structure specimens were 3.0 m long (L),
and 0.5 m depth (D) (Figure 1(a)). Bolt, nut and
washers were assembled by hand without the bolt
preload.

Item CT-1 CT-2 CT-3 CT-4 CT-5 Mean SD cov

T (mm.) 1.045 1.045 1.044 1.045 1.045 1.04 0.0004 0.04

W (mm.) 12.64 12.65 12.59 12.58 12.52 12.59 0.0522 0.41
F, (MPa.) 608.47 605.77 605.90 617.50 606.46 608.82 4.9715 0.81
Fu (MPa.) 627.00 622.50 625.50 630.00 620.00 625.00 3.8890 0.62
Ec (GPa.) 21351 213.49 213.49 213.58 213.58 213.53 441757 0.02
1.02 1.02 0.0054 0.53

F,/F, 1.03 1.02 1.03 1.02
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Table 2. Material properties of bolts

Item BT-1 BT-2 BT-3 BT-4 BT-5 Mean SD. cov
d.(m.) 4.93 4.97 4.97 4.97 4,94 4.95 0.019 0.393
Fy(MPa') 930.00 949.00 927.00 976.00 872.00 930.80 38.232 4.107
F, (MPa.) 963 930 963 997 909 952.40 33.908 3.560
Eb (GPa.) 204.08 204.08 204.09 204.10 204.09 204.08 7.385 0.003
Load applied (P)
L/6 L/3
2P/3[ Transfer beam |P/3
Top Chord J\_l/ Aﬁ\u
B H
e Bottom Chord
L
L2
3 : $225< Bolt Dia. 5.0 mm. :_t _
Bolt Dia. 5.0mm.____/| . % =
() (b)
LVDT-1

The truss specimen was set up in a test apparatus
skeleton. Lateral support of the top chord was
provided by a roller linked to the skeleton frame.

The truss specimen was flipped and load applied
from the laboratory floor. The concentrated load from
the load cell was applied to the transfer beam and
distributed to the joint of the top chord member
(Figure 1(b)). The vertical deformation of the truss

(©)

Figure 1. Test setup (a) Examined truss model, (b) test set up, and (¢) LVDT monitoring points.

structure was measured by the linear variable
differential transformers (LVDT) which were
installed at the joint of the top chord member (Figure
1(c)). The load cell and LVDT were connected to the
data acquisition system, with computer monitoring.
The failure of the specimen was defined as the point
at which the truss showed plastic deformation
behavior. Once the applied load began to drop, even
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though the specimen  maintained vertical
deformation, the test was stopped.
The bolt-moment connection specimen (Figure 2(a))

was statically loaded with the parameters illustrated

Washer outside diameter = 135,
and thinness = 2.

C-l02x5Ix125x10 Bolt Diameter = 5

Unit: mm.
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Upper gri .
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in Fig 2(b). Bolts and nuts were assembled with
integral washers that were tightened by hand.
Slipping of the connection after initial loading was
allowed.

d
T
>

lk_l hole size

dh

Bolt diameter, o Hole diameter,
(mm) (mm)
<12.7 d+0.8
2127 d+1.6
(b)

(d)

Figure 2. Bolt connection specimens and test setup (a) Bolt connection geometries, (b) hole size, (c) test

apparatus, and (d) test specimen.

The tests were set up on a universal testing machine
(UTM) (Figure 2(c-d)) in which the load cell and the
LVDT were used to monitor the load-deformation
behavior of the connection. The tension load was
applied to the specimen using a displacement control
with a speed of 1 millimeter/minute. The failure of
the specimen was defined as the first appearance of
plastic deformation of the specimen, and the test was
immediately stopped, even though the applied load
began to drop and the specimen proceeded to a large
deformation.

3 Finite element validation

The finite element analysis was divided into 2 types;
a three-dimension analysis (3D) and two-

dimensional analysis (2D). In the 3D analysis, the
ANSYS finite element program [26] was used for the
simulations of the truss structure and bolt-moment
connections (Figure 3). SHELL281 is 8-node with 6-
degrees of freedom at each node shell element which
modeled the cold-formed steel (Figure 3(c).
SOLID186 is 3-D 20-node with 3-degrees of freedom
at each node solid element which modeled the steel
bolts and washers (Figure 3(d)). The contact
problems of the bolt-to-cold-formed steel (bolt-hole)
contact and the washer-to-cold-formed steel contact
were modeled. The contact elements (CONTAC174
and TARGE170) and a pure penalty contact
algorithm were used to solve the constrained
optimization problem (Figure 3(e-f)).
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Figure 3. Geometry and element type and material model of FEA (a) Truss geometry model, (b) Connection
geometry model, (c) SHELL281), (d) SOLID181, (e) contact element, and (f) pure penalty algorithm.

The mesh size was controlled by the aspect ratios
(length-to-width ratio) which selected to be close to
1.0 for the cold-formed steel, bolts, and washers.
Surrounding the holes, refinement of the mesh size
was generated as necessary to achieve the accuracy
of stress links between the bolt and the bolt-hole
elements [27]. The static friction between the steel
plates was neglected.

A linear elastic stress-strain relationship was
assumed for the steel bolt. The test results of the
material properties of the cold-formed steel, test
stress (o, ) and strain (&, ), were converted to

true stress (o, ) and strain (&, ) by Eq. (1), which

then were placed into the multi-linear isotropic
hardening material model. The Poisson ratio used



6 A. Benchaphong, R. Hongthong, S. Benchanukrom, N. Konkong: Method for estimating...

was 0.3 for every steel material. The Large
Deflection assumption was applied to analyze the
behavior of the cantilever truss structures and the
bolt-moment connections.

=0y (1 +¢&

0, test ) » Erge = In (1+ Crest ) (1)

true

In the 2D analysis, SAP2000 [28], static analysis was
applied to analyze the force in the truss elements with
reference to the truss geometry of the full-scale
cantilever truss specimens (Figure 1(a)).

The truss connection was modeled as a rotational
spring element inserted at the intersection point
between the members in the joints (Figure 4 (a). A
frame element with a plastic link element was used to
model the truss elements (Figure 4 (b). The plastic
link element property was specified in the force-
deformation relationships for the axial deformation,
shear deformation and rotation deformation (Figure
4(c). In this study, the 2D analysis focused on the
semi-rigid connection behavior in the truss, thus only
the rotational spring stiffness was considered in the
analysis model. The stiffness of the axial and shear
components was assumed as being rigid behavior. A
linear elastic stress-strain relationship was assumed
for the cold-formed steel material (Table 1).

4 Experimental test and finite element results

The experimental results of the test were compared
by finite element analysis of the failure mode and
load-deformation curve (Figure 5). The failure mode
of the cantilever truss specimens was a connection
failure mode (Figure 5(a)) in which the vertical load-
displacement curves of 2-LVDT represented the
maximum capacity of the truss (Figure 5(b)). At the
110 mm of LVDT-1 and 83 mm of LVDT-2, the
vertical load capacity of the truss was measured as
5.571 kN (2P/3+P/3).

For the bolt-moment test, the moment capacity (M .,
) and rotation deformation (¢ ) were calculated by
the Law of Cosine (Figure 6) represented by Eqg. (2-
3).

Mtest = PtesteSin 0 (2)

L a*—b®—c? 7 .

where P is an applied force, € is a moment arm,

@ is an angle of applied force which spins out of the

centroid, and a, b and c are the lengths of the legs of
a triangle.

P
e P/3
- —

k‘ﬁ— rotation stiffness

(a)

Section node |

@.‘
k, k

b1 .
Connection spring element

Frame element

(b)

Joint-

Bending

Shear

Joint-

(©)

Figure 4. Truss geometry (a) Semi-rigid connection
truss structure, (b) frame element with
semi-rigid connections, and (c) Link
element.



Engineering Review, DOI: 10.30765/er.1428

Load, P/3 (kN.)

o -

Load, 2P/3 (kN.)
I R V- )
R

L FeT Tons ~

T Tyt
;f;" = Truss-1_LVDT-1
/ - ~Truss-2 LVDT-1
’/:, ===Truss-3_LVDT-1
f FEA_VI

0 20 -40 -60 -80

Vertical Disnlacement (mm )

-100 -120

e T s s -

>4
g - Truss-_LVDT-2
r = =Truss-2_LVDT-2
fi --=Truss-3_LVDT-2
A FEA(V2
-40 -60 -80 -100 <120
Vertical Displacement (mm.)

(b)

2 .
0 =20

Figure 5. Results of the test and finite element models (a) The truss failure, and (b) Load and vertical

displacement curve.
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Figure 6. Moment and rotation angle of the experimental test.

The bearing failure mode of the bolt-hole was found
in the tests and the finite element model (Figure 7(a)).
The ratio of the ultimate loads between the

experiment results and FEA ( Mtest / M rea ) Shows that

the moment-rotation curves from the FEA were in
good correlation with the experimental results
(Figure 7(b) and Table 3).

5 Semi-rigid connections stiffness and 2D-finite
element analysis

For the 2D-finite element analysis, the frame
element with a plastic link at the ends was
modeled for analyzing the internal force of

cantilever truss element. Only rotational stiffness
was considered in the finite element model in
which shear stiffness and axial stiffness in the
joint model were assumed as rigid behavior.
Richard and Abbott [23] proposed the
mathematical model for semi-rigid connections
which can be used to represent the nonlinear
relationship of a connection as given in Eq. (4)
(Figure 8). The elastic rotational stiffness was a
major  parameter  that influences the
characteristics of the mathematical model.
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Figure 7. Bolt-moment connection results (a) The failure mode of bolt-moment connection, and (b)
load-deformation curves.

Table 3. Summarization of the lap shear connection results

Test Moment capacity, M Failure mode M /Mg,
1 1607.70 Bearing 1.04
2 1581.57 Bearing 1.02
3 1466.75 Bearing 0.95
4 1573.02 Bearing 1.02
5 1499.74 Bearing 0.97
6 1441.70 Bearing 0.93
7 1471.11 Bearing 0.95
8 1588.26 Bearing 1.03

Mean 1528.73 0.99

FEA 1544.85 Bearing

E I Pk el —— M,
< frNs s e = _
g : / "’I' p _M,
vy ’ kc
¢ (Radian)

Figure 8. Richard and Abbott curves [23].
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M- @
[Le(pa) ]

where M is the moment capacity of the connection,
¢ is the rotation of the connection, k, is the elastic

rotational stiffness or elastic stiffness, ¢, is the

reference plastic rotation given by ¢, =M, /k,, M,

is the elastic moment capacity of the connection and
S is the shape parameter of the curve (0>S>o).

In this study, the analytical procedure was used to
analyze the elastic rotational stiffness of the bolt-
moment connection. The analysis included the effect
of the bearing stiffness due to a bolt-plate bearing
deformation, and shear stiffness due to shear force,
along the line of the bolt group region. The resulting
forces of bolt-moment connection were idealized, as
illustrated in Figure 9. The force in the bolt was
induced by the bending moment at the centroid of the
bolt group (Figure 9 (b)).

The elastic rotational stiffness was calculated based
on the relationship of the elastic moment (M, ) and

the elastic rotation (¢,) at the centroid of the bolt
group, which can be written as Eq. (5).

n

v 2

k e __i=l 5
¢e,b +¢e,s ( )

g

where F is the force in the bolt, r; is the distance
from the center of rotation to the bolt, n is the number
of bolts in the bolt-group, ¢, is the elastic bearing
rotation due to the bolt-plate interaction, ¢,  is the
elastic shear rotation due to the shear force along the
line of the bolt group region.

In the analysis procedure, the force in the bolt can be
calculated by the nominal bearing capacity of the bolt
connection which was proposed in AISI-S100 [9].

F. =Cm,dtF, (6)
where t is the thickness of the cold-formed steel, d
is the nominal bolt diameter, F, is the tensile
strength of the cold-formed steel, C is the bearing
factor [9, 29] and M; is the modification factor for

the type of bearing connection.

Applied force

Fosin 7
1 + F;
:( cos ff
Q. - A (4 y--m » I cosa
F, Fspa 1) | .
| ) Flsing © 4
f'L\ o £y
F, coscf d=mnn-| 2 1‘14_ 3

3 Fsnf
M=) Fr

i=]
O=a=

(b)

Figure 9. Force components in the bolt at the bolt
group region (a) Connection model, and (b)
forces in the bolt.

The elastic bearing rotation was considered on the
interaction between the bolt and the hole (Figure 10)
which was determined by Eq. (7).

¢e,b = (7)

where o, is the deformation of the bolt-plate

interaction (Eq.(8) and bolt-plate interaction stiffness
Eq.(8b)[30].
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5 =-1 (82)

with

1 37 +16tt, +16tt; +3t;

K, 128E, I,

3(tl+t2)+[ 1 1 j

= +
8 kAG, |\LE, t,E,

1 1
+ +
t'1Ep1 tZEpZ

(8b)

(b)

Figure 10. Bearing stiffness model (a) Force and
deformation at each bolt-hole, and (d)
bearing stiffness and rotation.

The resultant elastic bearing rotation can be rewritten
as Eq. (9).

The rotation due to the shear force along the
line of the bolt group region (Figure 11(a)) was
induced by the vector force in the bolt which can be
considered by Eq. 10.

v, (ﬁ}vz (a—j +V, (i] +V, (a—j -M, (10)
2 2 2 2

where V,, V,, V, and V, are the shear forces in the
bolt group region (Fig. 11(a)).

Al. V
a

Fisin g ‘ H
PUES ;
e W
L F chs B M
(L\-----’: \{:1_/1-—*"* I cosar \ L/’ H \‘})
F, FEsina ,3\ E\ /E
N &ga‘;{mﬂ” A I
Ao N M 3
Fycosa«---—--2) !‘;é;s,é-{ ?/‘ (2, (1)
FJ l“:ll'\ﬁ V3

(b)

Figure 11. Shear force components of the bolt group
region. (a) Shear components; (b) the
cantilever beam with a shear force at the
end assumption.

In the case of the symmetrical arrangement
of the bolts on both the x-axis and y-axis, the bolt
force was shared equally on each of the bolts. The
shear force distribution at the bolt group region was
considered by using the average shear force (Vv ).
Thus, Eq. (10) was rewritten as Eq. (11), and the
shear force on the bolt group region can be written as
Eqg. (12).

In the case of the symmetrical arrangement of the
bolts on both the x-axis and y-axis, the bolt force was
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shared equally on each of the bolts. The shear force
distribution at the bolt group region was considered
by using the average shear force (v ). Thus, Eq. (10)
was rewritten as Eq. (11), and the shear force on the
bolt group region can be written as Eq. (12).

V(a +a,)=M, (11)
M
V=—t (12)
a +a,

The bolt group region was assumed to be a
cantilever beam with the assumption of shear force at
the end of the beam (Figure 11 (b)). The
superposition method was used to incorporate the
shear rotation deformation. Using basic beam theory,
the moment along a bolt group region is equal to the
area under the shear force curve, and can be written
as Eq. 13.

d y(x) M,
V( ) _( )br 3 ax+ay (13a)
Thus,
M(x)zj'v(x)dx
M x
=(El )br-[a +a, _ax+ay e
(13b)
:IM (x)dx
MeXZ (13C)
:(El)brm+clx+cz

where (EI'), is the flexural rigidity of the bolt group

region and ¢, and ¢, are integration constants. The

possible boundary conditions are calculated by Eqg.
(14).

The possible boundary conditions are calculated by
Eq. (14).

M, (0)=0and ¢,(0)=0 (14)
Using these boundary conditions, the rotation of the

bolt group region due to shear force can be written as
Eqg. (15).

M, )
G 2(2(6& +ay)(E| » ]x (15)

Finally, the elastic rotational stiffness of the bolt-
group can be written as Eq. (16).

M 2R
e ¢e n
;FI + Me X2
2(aX +ay)(EI)br

(16)

rk

i=1

bp,i

The proposed elastic rotational stiffness was
compared by FEA, the experimental test and the Lim
and Nethercot equation [15]. The comparison of the
load-deformation curves are shown in Figure 12.

18000 ¢
1600 | o —
( —h—
— 1400 P e,
= =y B
1200 o
<1000
5 800
£ 600 & Average of moment test results
= 400 FEA
J & Lim and Nethercot [3]
200 -2~ Proposed procedure
0 . \ . '
0 0.01 0.02 0.03 0.04
¢ (Radian)
(a)

1800 L

1600 - T e
= 14000 | P . “he i

£1200 + Vs ey
_’ 1000 F Vi Remark: s = 4
5800 f
s 600 e Average oftest results
= 4000 F -- FEA

200 H -&-Richard and Abbott model with the propesed equation

0 L .
0 0.01 0.02 0.03 0.04
¢ (Radian)

Figure 12. Comparison results (a) the
proposed equation with tests,
FEA, and previous model, and
(b) the curve of the Richard and
Abbott model with the proposed
equation with the tests and FEA.

The results show that the proposed equation
demonstrates good correlation between the
experimental results, FEA, but were lower than the
results calculated by the Lim and Nethercot equation
[15]. The simplified Richard and Abbott equation
[23] also includes the proposed elastic rotational
stiffness equation as shown in Fig 12(b).
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For the application of the proposed equation, the
curve of the Richard and Abbott model from the
proposed equation, shown in Figure 12(b), was
assigned to the rotational spring model which was
embedded at the position of the joints in a global
cantilever truss model (Figure 13).

The applied load refers to the maximum capacity of
the truss structure from the experiment results (refer
to Figure 5).The changing internal forces in the truss
element, due to it being a semi-rigid joint, were
compared to the forces in a truss element with a rigid
joint. The 2D-finite element results showed that the

P=5,517N
P/3 (1,875 N)

2P/3 (3,714 Ni
L1 2]

axial forces in the truss elements increased by
13.62% - 74.32%, and some elements of the axial
forces decreased by 16.17 - 100% (Figure 14). The
bending moment decreased by 33.05-100%
(Figure 15).

The comparison of the 2D finite element analysis
results between the truss elements with the semi-
rigid joint and those with the rigid joint show the
effect of the semi-rigid connections on the structural
system that exhibit the changing of force from the
structural members (Table 4).

P=5517N
2P/3 (3,7141\3 P/3 (1,875 N)
(1]
© ﬁ. 1 8] 9 3
- 5]
(b)

Figure 13. Diagram of a cantilever truss structure (a) semi-rigid joint stiffness truss, and (b) rigid joint stiffness

truss.

Table 4. Comparison of force in the truss element

Rigid joint truss

Semi-rigid joint truss

% difference

Frame Station Axial Moment Axial Moment Axial Moment
(m) (kN) (kN-m) (kN) (kN-m) (%) (%)
1 0.00 16.07 -1.30 22.28 0.00 38.65 -100.00
1.50 16.07 0.31 22.28 0.21 38.65 -33.05
5 0.00 0.89 -0.23 0.00 -0.10 -100.00 -58.29
1.50 0.89 0.19 0.00 0.00 -100.00 -100.00
3 0.00 -1.58 0.19 -1.79 0.00 13.62 -100.00
0.50 -1.58 -0.26 -1.79 0.00 13.62 -100.00
4 0.00 -4.25 0.17 -5.67 0.08 33.50 -54.96
1.50 -4.25 -0.29 -5.67 0.07 33.50 -122.47
5 0.00 -6.76 0.25 -5.67 0.07 -16.17 -73.19
1.50 -6.76 -1.00 -5.67 -0.23 -16.17 -77.25
6 0.00 4,50 -1.81 5.43 0.00 20.77 -100.00
0.50 4,50 1.30 5.43 0.00 20.77 -100.00
7 0.00 -9.99 -0.81 -17.42 0.00 74.32 -100.00
1.58 -9.99 0.04 -17.42 0.00 74.32 -100.00
8 0.00 -0.52 0.72 -0.19 0.00 -63.85 -100.00
0.50 -0.52 -0.54 -0.19 0.00 -63.85 -100.00
9 0.00 3.58 -0.14 5.94 0.00 65.84 -100.00
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Figure 14. Diagrams of the axial force in the truss elements (a) truss with the rigid joint, and (b) truss with
semi-rigid joint.
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Figure 15. Diagrams of the bending moments in the truss elements (a) truss with the rigid joint, and (b) truss

with semi-rigid joint.

6 Conclusion

An elastic rotational stiffness equation for cold-
formed steel connections was proposed in this study.
Tests on a full-scale cantilever truss structure and
bolt-moment connection tests, were conducted and
the test results were verified by the 3D-finite
elements modeling. The results from both tests show
a good correlation with the finite element analysis
results. The truss structure connection failure
occurred with 5,571 N of ultimate load. Moreover,
the bearing failure mode of the bolt holes was found
in the bolt-moment connection specimens. The 2D-
finite analysis was used to study the effect of the
semi-rigid connection of the truss element in the
structure. The proposed elastic rotational stiffness
equation was applied to Richard and Abbott model
[14] for simplifying the moment-rotation curve, and
the equation was input into the 2D-finite analysis
model. The analysis results showed that the axial
forces in the truss elements increased by between
12.76% and 54.19% while some elements of the axial
forces decreased by between 17.59% and 200%. The
bending moment decreased by 39.59-200%. It was
clearly demonstrated that the semi-rigid connection
was more influential in the internal force in a truss

structure. Therefore, semi-rigid connection analysis
should be considered as the actual behavior of the
structure, and applied in structural analysis for the
best results.
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